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ADVANCED REFRACTORY ALLOY CORROSION LOOP PROGRAM 

I. INTRODUCTION 

This repor t  covers t h e  period from Apri l  15, 1967 t o  Ju ly  15, 1967. 

The primary t a s k  of t h i s  program i s  t o  fa.brica.te, opera.te f o r  10,000 

hours and eva lua te  a T-111 Rankine System Corrosion T e s t  Loop. Materials 

f o r  eva.lua.tion inc lude  t h e  containment a l loy ,  T-111 (Ta-8W-2Hf) and t h e  

turb ine  casdida,te ma,teria.ls Mo-TZC and Cb-132M which a,re loca,ted i n  t h e  

turb ine  s imulator  of t h e  two-phase potassium c i r c u i t  of t h e  system. The 

loop design w i l l  be similar t o  t h e  Cb-1Zr Rankine System Corrosion Loop; 

a. two-phase, forced convection, potassium corrosion test loop which has 

been developed under Contract NAS 3-2547. Lithium w i l l  be hea,ted by 

d i r e c t  resistance i n  a. primary loop. Hea.t r e j e c t i o n  f o r  condensa,tion i n  

t h e  secondaxy potassium loop w i l l  be accomplished by ra-diat ion i n  a. high 

vacuum environment t o  t h e  wa.ter cooled chamber. The compat ib i l i ty  of t h e  

se lec ted  materials w i l l  be evaluated a t  condi t ions r ep resen ta t ive  of 

space electric power sys t em opera.ting condi t ions,  namely: 

a.. 

b. 

6. 

d. 

e. 

f .  

g. 

h. 

Boiling t empera.ture, 2050 OF 

Superheant tempera.ture, 2150'F 

Condensing temperature, 1400'F 

Subcooling temperature, lOOOOF 

Mass flow rate, 40 lb /hr  

Bo i l e r  exit va.por ve loc i ty ,  50 f t / s e c  

Average hea t  f l u x  i n  plug (0-18 inches) ,  240,000 BTU/hr f t  

Average heat  f l u x  i n  b o i l e r  (0-250 inches),  23,000 BTU/hr f t  

1 

2 

2 

In  a.ddition t o  t h e  prima.ry program t a s k  c i t e d  a.bove t h e  program a l s o  

includes ca.psule t e s t i n g  t o  eva.lua.te a.dva.nced tanta.lum a l l o y s  of t h e  

ASTAR 811 type (Taa-8W-1Hf-1Re) i n  both potassium and l i th ium,  

-1- 



Also included i n  t h e  program is  t h e  f abr ica . t ion,  5000-hour operaation 

and eva.luation of a. 2600°F, high flow ve loc i ty ,  pumped l i t h ium loop 

desi-gned t o  eva,lua,te t h e  compa, t ibi l i ty  of t h e  ASTAR 811 type a l loys ,  T- l lb ,  

T-222, and t h e  tungsten a l loy ,  W-25Re-30Mo. 

-2- 



11. SUpIlMARY 

The f a b r i c a t i o n  of a l l  loop components with t h e  exception of t h e  

valves  and nine-stage t u r b i n e  s imula tor  was completed. 

The l i t h ium has been d i s t i l l e d  and analyzed. 

The post tes t  eva lua t ion  of t h e  preliminary capsule  tests of weld spec i -  

mens of ASTAR 811 and ASTAR 811CN a l l o y s  w a s  completed. The capsule  tests 

have been modified t o  inc lude  t h e  eva lua t ion  of ASTAR 811C a l l o y .  

A f a i l u r e  mode e f f e c t s  ana lys i s  r epor t  f o r  Corrosion Loop I (T-111) i s  

i n  prepara t ion .  

-3- 



111. PROGRAM STATUS 

A .  CORROSION LOOP I (T-111) FABRICATION 

The f a b r i c a t i o n  s t a t u s  of T-111 Corrosion Loop components is  a s  fo l lows:  

1. Slack Diaphragm Transducer 

Taylor Instrument Company returned one of s i x  T-111 t ransducers  when 

a leak  was de tec ted  across  t h e  diaphragm. This t ransducer  w a s  cu t  open and 

the  de fec t ive  diaphragm w a s  re'noved. Fluorescent penetrant  inspec t ion  

revealed two r a d i a l  cracks i n  t h e  diaphragm near t h e  heat a f f ec t ed  zone of 

t h e  w e l d .  Subsequent metallographic examination revealed an in t e rg ranu la r  

crack i n  otherwise normal diaphragm mate r i a l .  

The t ransducer  w a s  repa i red  by welding a new diaphragm i n  place,  and 

it was subsequently proof t e s t e d  by applying t e n  vacuum evacuation cycles on 

the  NaK s i d e  of t h e  diaphragm. Mass spectrometer leak  t e s t i n g  ind ica ted  no 

f a i l u r e ,  and welding and postweld annealing of t h e  assembly w a s  completed. A 

f i n a l  mass spectrometer leak  test ind ica t ed  no diaphragm leakage. 

The f i v e  acceptable  t ransducers  were each pulsated f i v e  t i m e s  between 

vacuum and 0.5 ps ig  by t h e  Taylor Instrument Company. There was no evidence 

of leakage a f t e r  t e s t i n g .  

The s i x  t ransducers  w i l l  be f i l l e d  with NaK by t h e  Taylor Instrument 

Company by the  end of J u l y .  

2 .  Lithium and Potassium EM Pump Ducts 

The in t e r f e rence  f i t s  between t h e  wrapper and EM pump h e l i x  w e r e  made 

successfu l ly  f o r  both t h e  l i t h ium and potassium EM pumps. The pumps were then  

processed through t h e  welding and f i n a l  ou ts ide  diameter machining phases of 

t h e i r  f a b r i c a t i o n .  The completed EM pump ducts  a r e  shown i n  Figure 1. Y 

The pump ducts  w e r e  postweld annealed a t  2400'F f o r  1 hour i n  t h e  

General Electric-I.XCD vacuum furnace.  A l l  condi t ions  were i n  accordance wi th  

Spec i f ica t ion  SPPS 03-0037-00-A except t h a t  p ressure  w a s  5 x 10 t o r r  a t  t h e  

s t a r t  of each furnace  run and decreased t o  1 . 2  x 10 t o r r  during t h e  1 hour 

-5 
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a t  temperature.  These condi t ions  had been shown t o  be acceptable  by a furnace 

q u a l i f i c a t i o n  run performed p r i o r  t o  t h e  postweld anneal of t h e  EM pump duct .  

Chemical ana lys i s  r e s u l t s ,  shown i n  Table I ,  i n d i c a t e  neg l ig ib l e  contami- 

na t ion  of T-111 a l l o y  sheet  specimens placed i n  t h e  furnace during t h e  qua l i -  

f icat  ion run.  

3. T h r o t t l e  and I s o l a t i o n  Valves 

The valve body blanks w e r e  received from t h e  vendor, Hoke, Inc . ,  

C r e s s k i l l ,  New Jersey. The T-111 a l l o y  n ipple  tubes,  0.375-inch OD x 0.065- 

inch  wal l ,  w e r e  then  welded t o  these  blanks, and t h e  assemblies were returned 

t o  Hoke f o r  f i n a l  machining. The valve bellows assemblies were a l s o  received.  

Subsequently, t h e  Cb-1Zr bellows were e l e c t r o n  beam welded i n t o  t h e  T-111 

a l l o y  assemblies.  Completion of t h e  valves  i s  pending r ece ip t  of t h e  f i n a l  

machined valve bodies and valve plugs from Hoke. 

4 e Turbine Simulator 

The t e n  nozzles  w e r e  f i n a l  machined. Resul ts  of t h e  inspec t ion  of 

t h e  nozzle diameters a r e  shown i n  Table 11. These dimensions w i l l  be used 

f o r  re ference  during post t e s t  eva lua t ion  along with the  spare  nozzles ,  pa r t  

5 S/N1 (Mo-TZC) and pa r t  6 S/M1 (Cb-132M a l l o y ) .  

The nozzle assemblies cons i s t  of a nozzle,  blade,  and two pads which 

support t h e  blade.  The s i n g l e  s t age  tu rb ine  s imulator  nozzle assembly i s  

shown i n  Figure 2.  The nine remaining nozzle assemblies a r e  cu r ren t ly  having 

the  blade assemblies f i t t e d  i n t o  the nozzles .  The nozzle,  blade,  and blade 

pads of each of t h e  nozzle s t ages  s h a l l  be weighed following f i n a l  c leaning 

p r i o r  t o  assembly of t h e  tu rb ine  s imulator .  

5, Condenser 

The honing of the  i n s i d e  diameter of t h e  two 30-inch long condenser 

ba r s  was completed. The welding of t h e  condenser w a s  then  completed w i t h  t h e  

jo in ing  of t h e  t w o  condenser bars  and tantalum f i n s  as shown i n  Figure 3. 

This component is now ready f o r  assembly with t h e  nine s t age  tu rb ine  s imulator  

and sub-cooler r e s e r v o i r  t o  form the  eondenser major assembly. 

-6- 



TABLE I .  RESULTS OF CHEMICAL ANALYSES OF T-111 SHEET 
FOR HEAT TREATMENT QUALIFICATION OF GE-LMCD 
VACUUM FURNACE 

EUIMENT, ppm (a 1 PRESSURE, TORR 
START OF END OF 

RUN RUN 0 N H C - - - -  
Pre-Test Analysis 

(MCN 02B-010) (b’ 

Analysis a f t e r  one 

hour a t  2460’F i n  t h e  

vacuum furnace 

(c 1 Wrapped Specimen 

Unwrapped Specimen 

65 5 1 10 

2.8 2.2 

63,61 7,7 1,l 3,4 

68,85 8,8 2,2 7,9 

‘a’Analytical Procedures: 0, 37, and H; Vacuum Fusion 
C;  Combustion Conductometric 

(b’O .O$O-inch t h i c k  sheet  

‘‘)%e specimen wrapped wi th  one overlapped l a y e r  of 0.002-inch t h i c k  
Cb-1Zr f o i l  

I 
I 4  

-7- 



PART NO. 

1 

2 

3 

4 

5 S/N1 

5 S/N2 

6 W N l  

6 S/N2 

7 

8 

9 

10 

NOZZLE: DIAMETERS 
PER DRAWING 

INCHES 

0885 0895 

0875 a 0885 

0965 0975 

1065 .lo75 

.1175 1185 

.1175 1185 

1295 .1305 

1295 .1305 

.1445 .1455 

1595 e 1605 

1775 .1785 

.1985 .1995 

ACTUAL DIAMETERS (b) 

INCHES 
00 goo 

.089200 

.088075 

,096380 

,108350 

.116940 

e 118050 

129975 

.129225 

145'725 

.159850 

.178325 

e 198625 

.089150 

087775 

.096380 

a 108200 

.116475 

a 118070 

129925 

-129225 

e 145750 

.159825 

.178525 

.198660 

(a 'Measurements made by t h e  Aut omat ion  and Measurement 
Division of Bendix, Dayton, Ohio, by means of an 
e l e c t r o n i c  comparator using a f r i c t i o n l e s s  e l ec t ron ic  
t ransducer  compared t o  master gauge blocks. 

"'The accuracy of t he  measurement (s)  i s  k.0001 

- 8- 



Figure 2. F i r s t  Stage Nozzle and Blade Assembly (Mo-TZC) f o r  t he  Turbine 

(Orig. C67072546) Simulator of Corrosion Loop I (T-111). 

-9 - 
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Figure 3.  Corrosion Loop I (T-111) Condenser P r i o r  t o  Coating of Tantalum 

(Orig. C67081423) Fins  With I r o n  T i t ana te ,  

-10- 



6.  Boi le r  

The tube-in-tube b o i l e r  was formed success fu l ly .  The sugar which 

w a s  used t o  pack t h e  i n t e r n a l  tube and annulus during forming w a s  removed 

by mechanical v ib ra t ion .  When no add i t iona l  sugar could be removed, a 

deionized water f l u s h  w a s  i n i t i a t e d .  The water w a s  heated t o  150°F and w a s  

allowed t o  f l u s h  through t h e  b o i l e r  f o r  15 hours. An add i t iona l  co ld  water 

f l u s h  f o r  30 minutes w a s  used f o r  t h e  f i n a l  r i n s e .  A t  t h i s  t i m e  water sam- 

p le s  were e q u i l i b r a t e d  f o r  two hours i n  the b o i l e r  and t e s t e d  f o r  sugar 

using t h e  Molisch'') test a 

than  50 ppm sugar,  which i s  t h e  l i m i t  of de t ec t ion  of t h e  method used. 

Duplicate test  determinat ions ind ica ted  less 

The f i n a l  welding of t h e  b o i l e r  i n l e t  and o u t l e t  connectors w a s  

then  completed. The assembled b o i l e r  and h e l i c a l  plug i n s e r t  are shown i n  

Figure . . .  4. This component w i l l  be incorporated i n t o  the  b o i l e r  assembly, 

which includes t h e  potassium preheater  and s i n g l e  s t age  tu rb ine  s imulator ,  

during t h e  next repor t  period 

7.  Potassium Preheater  and Lithium Heater 

The potassium prehea ter  and l i t h ium hea te r  w e r e  completed during t h e  

last  qua r t e r .  The l i t h ium hea ter  assembly, Figure 5, w i l l  be postweld 

annealed along wi th  t h e  b o i l e r  and condenser assemblies.  The potassium pre- 

hea te r ,  which is shown i n  Figure 6, w i l l  be welded t o  t h e  b o i l e r  during t h e  

next repor t  period 

B. ALKALI METAL P ~ ~ I ~ ~ C A T ~ ~ N  

F i f t een  pounds of l i t h ium ( in  t h r e e  5-pound l o t s )  w e r e  d i s t i l l e d  a t  an 

average temperature of 1235OF, a t  t h e  r a t e  of 115 gms/hr. The f i r s t  t w o  5- 

pound batches of d i s t i l l e d  l i th ium w e r e  re turned t o  t h e  hot t r a p  t o  d i l u t e  
.................... 

( P  'l)Cheronis, N .  D., Techniques of Organic Chemistry", In t e r sc i ence  Publ i -  
she r s ,  Inc . ,  New York, New York, 1954, p 466-467. 

-11- 



. J  

i 

. i  

3 
i 

Figure 4 ,  Tube-in-Tube Boi le r  of Corrosion Loop I (T-111) P r i o r  t o  

(Orig. C67071832) 
(Orig, C67072436) 

I n s e r t i o n  of t h e  Boi le r  Plug, 
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Figure 5. Lithium Heater Assembly of Corrosion Loop I 

(Orig. C6i 

-13- 
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Figure 6. Potassium Preheater  of Corrosion Loop I (T-111). 

(Orig. C67052559) 

-14- 



l i  

t he  l i th ium which w a s  inadver ten t ly  added t o  t h e  s t i l l  r ece ive r  during t h e  

i n i t i a l  f i l l  of the  s t i l l  pot (2) .  

been obtained from t h e  s t i l l  and analyzed f o r  oxygen, n i t rogen ,  carbon, 

and m e t a l l i c  impur i t i e s .  The a n a l y t i c a l  h i s t o r y  of t h i s  material i s  pre- 

sented i n  Tables 111 and I V .  

Two samples of d i s t i l l e d  l i t h ium have 

The I-tubes used t o  determine t h e  l i q u i d  l e v e l  i n  t h e  s t i l l  pot func- 

t ioned  very w e l l  during t h e  d i s t i l l a t i o n  a s  d i d  t h e  e n t i r e  d i s t i l l a t i o n  

system. The Cb-lZr, below t h e  b ime ta l l i c  j o i n t s ,  a t  t h e  bottom o f  t h e  

condenser w a s  con t ro l l ed  i n  t h e  temperature range of 390’F t o  450°F with  

an a i r  flow r a t e  of about 200 SCFH through t h e  condenser cooling c o i l s .  

The da te  i n  Table IIE shows t h a t  t h e  carbon and calcium concentrat ion 

i n  the  l i th ium were reduced by f i l t e r i n g ,  and t h a t  n i t rogen ,  carbon, and 

calcium concentrat ions were reduced by hot t rapping  and f i l t e r i n g .  Neither 

f i l t e r i n g  nor hot t rapping  had any s i g n i f i c a n t  e f f e c t  on t h e  concentrat ion 

of oxygen. D i s t i l l a t i o n  reduced the  concentrat ions of metallic impur i t ies  

but had no s i g n i f i c a n t  e f f e c t  on n i t rogen  and carbon concentrat ions.  

Oxygen analyses  were perf ortned by General Atomic, San Diego, Ca l i fo rn ia  

using f a s t  neutron a c t i v a t i o n  techniques.  It was an t i c ipa t ed  t h a t  t h e  

oxygen l e v e l  would be reduced by d i s t i l l a t i o n .  The l i th ium may have been 

contaminated during sampling o r  a n a l y s i s .  This pos tu l a t e  w i l l  be checked by 

analyzing another  sample. I f  s i m i l a r  oxygen concentrat ion a r e  obtained, an 

add i t iona l  quant i ty  of l i th ium w i l l  be d i s t i l l e d  and analyzed. 

C. ADVANCED TANTALUM ALLOY CAPSVJm TESTS 

The r e s u l t s  of t h e  preliminary capsule  tests indica ted  welded ASTAR 

811 and ASTAR 811CN a l l o y s  containing oxygen i n  concentrat ions i n  excess of 

400 ppm lacked s u f f i c i e n t  compat ib i l i ty  wi th  potassium t o  be considered 

I * \  

‘L’Advanced Ref raet ory Alloy Corrosion Loop Program, Quarterly Fvogress 
Report Number 8 f o r  Period Ending Apr i l  15, 1967, NASA Contract NAS 
3-6474, t o  be publ ished,  

f o r  

-15- 



i Y 

TABLE 111. ANALYSIS OF LITHIUM FOR OXYGEN, NITROGEN, AND CARBON 

SAMPU DESIGNATION CHEMICAL ANALYSIS - ppm IN LITHIUM 

N(b) - ,(c) - Ca (‘1 - 
As-Received 

Sample Number 292 130 f 25 801 134 133 
130 -I. 25 834 158 

87 1 ir 
After Filtering at 400’F 
through a 5-micron Filter 

Sample Number 293 150 2 28 
160 f 28 

755 
778 
841 

97 
101 

53 

I 
i 

After Hot Trapping at 
1500’F for 126 Hours 

Sample Number 309 106 k 16 
123 2 13 

11 
10 
5 

5 

38 
48 

Sample Number 627 12 
14 

Dist i 1 led 

Sample Number 1031 245 k 36 19 33 
18 42 <5 

Sample Number 1064 138 f 41 4 32 
22 56 

59 

(a) Fast neutron activation 

(b) Micro Kjelda.hl 

‘dl Spectrographic 

Combustion conductometric 
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TABLE IV. ANALYSIS OF LITHIUM FOR METALLIC IMPURITIES 

(a 1 Metallic Impurities - ppm in Lithium 
Sample Designation 

AS RECEIVED FILTERED HOT TRAPPED DISTILLED 
ELEMENT (SAMPLE NO. 292) (SAMPLE NO. 293) (SAMPLE NO. 309) (SAMPLE NO. 1031) 

Ag 
A 1  

B 

Ba 

Be 

Ca 

Cb 

co 

Cr 

cu 

Fe 

Mg 
Mn 

Mo 

Na 

Ni 

Pb 

Si 

Sn 

Sr 

Ti 

V 

ZP 

< 5  

< 5  

<50 

75 

< 5  

133 

a 5  

< 5  

< 5  

< 5  

< 5  

5 

< 5  

< 5  

53 

< 5  

<25 

5 

<25 

5 

< 5  

<25 

< 5  

< 5  

< 5  

<50 

50 

< 5  

53 

<25 

< 5  

< 5  

< 5  

< 5  

5 

< 5  

< 5  

133 

< 5  

<2 5 

5 

<25 

5 

< 5  

<2 5 

< 5  

< 5  

5 

<50 

<50 

< 5  

5 

a 5  

< 5  

< 5  

28 

5 

< 5  

< 5  

< 5  

80 

28 

<25 

28 

<25 

< 5  

< 5  

< 5  

< 5  

< 5  

e 5  

<5 0 

<50 

< 5  

< 5  

<2 5 

< 5  

< 5  

< 5  

< 5  

< 5  

< 5  

< 5  

<2 5 

< 5  

<2 5 

5 

<25 

< 5  

<2 5 

<2 5 

<25 

(a) Spectrogra.phic analysis 
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capsule  construct ion.  The ca.psule tests have been modified t o  inc lude  t h e  

t e s t i n g  of ASTAR 811C (Ta.-8W-lHf-lRe-O.O12C) a l l o y  i n  p lace  of t h e  ASTAR 

811 a l loy .  Two potassium r e f l u x  ca.psules w i l l  be constructed from ASTAR 

811C a l l o y  shee t  and w i l l  conta in  t w o  conta.mina,ted (300 ppm oxygen) bend 

specimens. 

One specimen w i l l  be i n  t h e  a,s-welded condi t ion  whereas t h e  o t h e r  

The ASTAR 811C a l l o y ' s  specimen w i l l  be welded and postweld annealed. 

r e s i s t a n c e  t o  cor ros ion  by potassium can, t he re fo re ,  be evaluated i n  both 

t h e  a,s-received condi t ion  (represented by the  ca,psule) and oxygen con- 

taminated condi t ion  (represented by t h e  specimens). 

A simi1a.r plan w i l l  be employed t o  eva lua te  t h e  l i t h ium cor ros ion  

r e s i s t a n c e  of t h e  ASTAR 811C a l loy .  Two thermal convection capsules  w i l l  

be constructed of ASTAR 811C a l l o y  shee t .  Bend specimens of conta,mina,ted 

ASTAR 811C i n  t h e  a,foresa,id condi t ions  w i l l  be suspended i n  t h e  l i t h ium 

by means of hooks on t h e  T-111 a l l o y  downcomer tube.  The design of t h e  

ASTAR 811CN mass t r a n s f e r  capsule  and the  t e s t  plans of a l l  t h e  ca,psules 

have not  changed . (3) 

D. QUALITY ASSURANCE 

A f a i l u r e  mode and effects ana lys i s  r epor t  f o r  Corrosion Loop I (T-111) 

i s  i n  preparat ion.  

(3) Advanced Refractory A1 l oy  Corrosion Loop Program, Qua.rterly Progress  
Report Number 6 f o r  Period Ending October 15, 1966, NASA Contract  
NAS 3-6474, NASA-CR-72177, p. 14-20. 
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IV. FUTURE PLANS 

A .  Fabr ica t ion  of t h e  Corrosion Loop I (T-111) sub-assemblies w i l l  be com- 

p le ted ,  and t h e  sub-assemblies w i l l  be post-weld annealed a t  2400OF. 

B. The d i s t i l l e d  l i th ium w i l l  be resampled and analyzed. 

C. Specimens of oxygen contaminated ASTAR 811C a l l o y  w i l l  be prepared and 

capsule  f a b r i c a t i o n  w i l l  be i n i t i a t e d .  

D.  The f a i l u r e  mode and e f f e c t s  ana lys i s  r epor t  f o r  Corrosion Loop I 

(T-111) w i l l  be i ssued .  
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